ABSTRACT: Fifty-four individually-fed HerefordAngus cross steers (initial BW = 308 ± 9 kg) were used in an unbalanced randomized block design with a 2 × 2 factorial treatment arrangement to determine effects of corn processing method and corn wet distillers grains plus solubles (WDGS) inclusion in fi nishing diets on animal performance, carcass and beef characteristics, and sensory attributes. Dietary treatments included steam-fl aked corn-(SFC) and dry-rolled corn (DRC)-based fi nishing diets containing 0 or 35% WDGS (DM basis; 0SFC and 35SFC, 0DRC and 35DRC, respectively). Yellow grease was used to equilibrate fat content of diets. Steers were fed 174 d, and were harvested on a single date when the mean ultrasound fat thickness was estimated to be 1.30 cm. No interactions between corn processing and WDGS were observed for performance or carcass characteristics (P ≥ 0.11). Final BW (556 ± 14 kg) and ADG (1.43 ± 0.06 kg) were not affected (P ≥ 0.25) by dietary treatment. Steers fed SFC-based diets consumed less feed, and were 10.6% more effi cient (P < 0.01) than those fed DRC-based diets. Including WDGS in fi nishing diets improved feed effi ciency of steers consuming both SFC-and DRCbased diets (P ≤ 0.04). Dietary treatment did not affect HCW, dressing percentage, fat thickness, or yield grade (P ≥ 0.27). Including WDGS in fi nishing diets decreased the concentration of 16:1cis-9, 18:1cis-9, and 18:1cis-11 fatty acids, and tended (P ≤ 0.10) to increase total fat concentration of steaks compared with diets without WDGS. A corn processing method by WDGS interaction was detected for 18:1trans-11 where steaks from 0DRC diets had decreased concentrations compared with other diets. There were no dietary effects on palatability attributes (P > 0.20). Livery-organy aromatics (P = 0.03) and sweet basic tastes (P = 0.01) in steaks from the 35SFC treatment were more intense than in other treatments, but were barely detectable. Thiobarbituric acid reactive substances tended to be greater in steaks from steers fed WDGS after 5 d of storage (P = 0.10), and were greater after 7 d. (P < 0.01). Inclusion of WDGS used in this experiment improved G:F with minimal impacts on carcass characteristics. Both WDGS inclusion and corn processing method impacted fatty acid composition. However, diet had minimal impacts on palatability attributes. When compared with diets fat-equilibrated with yellow grease, the primary concern with incorporating WDGS appears to be decreased shelf-life after 5 d of storage.
INTRODUCTION
The effects of feeding distillers grains (DG) in cattle fi nishing diets on animal performance and carcass characteristics, as well as beef fatty acids and sensory evaluation have been investigated, but results have been inconsistent. In some cases, DG in fi nishing diets has improved ADG and G:F without negatively affecting carcass characteristics (Al-Suwaiegh et al., 2002; Corrigan et al., 2009) . In others, DG inclusion has had negative impacts on both performance and carcass traits (Depenbusch et al., 2008a; Leibovich et al., 2009) . Additionally, minimal fatty acid and sensory evaluation data are available in the literature where comparisons of DG inclusion were made to control diets with supplemental fat.
Glucose provides up to 75% of the acetyl units for intramuscular (i.m.) fat lipogenesis (Smith and Crouse, 1984) . In vivo studies have demonstrated that marbling expression is related to serum glucose concentrations in growing cattle when marbling is measured by ultrasound (Schoonmaker et al., 2003) . These observations are congruent with production systems which have been developed to maximize starch intake throughout the life of early weaned calves to improve quality grade (Myers et al., 1999) . Because starch intake is decreased when DG are included in fi nishing diets , conceivably, marbling scores could be affected. Therefore, the objective of this study was to compare the effects of corn processing method and DG inclusion on performance and beef characteristics of genetically similar cattle fed to a similar 12th rib fat endpoint.
MATERIALS AND METHODS
Animal procedures were approved by the Amarillo Area Cooperative Research, Education, and Extension Team Institutional Animal Care and Use Committee.
Experimental Design and Treatments
An experiment was conducted to determine effects of corn processing method and corn wet distillers grains plus solubles (WDGS) inclusion on animal performance, carcass characteristics, and beef quality attributes. The study was designed as an unbalanced randomized block with treatments arranged in a 2 × 2 factorial. Factors included corn processing method (steam-fl aked, SFC; or dry-rolled, DRC), and inclusion or absence of WDGS in the fi nishing diet of steers. Three loads of WDGS (26.8% CP, 11.6% ether extract; Table 1 ) were purchased from a single ethanol plant (Chief Ethanol Fuels, Hastings, NE), delivered together, and bagged in an agricultural bag (Miller-St. Nazianz Co., St. Nazianz, WI) within 36 h of being produced at the ethanol plant.
Cattle Procurement and Management
Eighty preconditioned 1/4 Hereford × 3/4 Angus steer calves were purchased from a single ranch, transported to the Texas AgriLife research feedlot in Bushland, TX, and fed a common high-forage receiving diet consisting of 31% SFC, 30% wet corn gluten feed, 30% alfalfa hay, 5% supplement, and 4% crude glycerin during a 35-d adaptation period. After adaptation, 54 steers of uniform BW and mild disposition were selected from the pool, and trained in a Calan Broadbent Feeding System (American Calan Inc., Northwood, NH). Steers were blocked by BW, and assigned to 1 of 6 pens, each containing 9 individual Calan gates. Cattle were observed several times throughout the day to monitor gate preference by each individual animal. Experimental treatments were randomly assigned to gates within pen such that each treatment appeared 2 to 3 times per pen. Steer calves not selected for Calan gate training were retained in the event a replacement was necessary. Two steers failed to adapt to the system and were replaced before trial initiation.
Upon trial initiation, steers were limit-fed (1.8% of BW) the receiving diet for 5 d to minimize differences in gut fi ll (Klopfenstein, 2011) then weighed on 3 consecutive days (Stock et al., 1983 ) to obtain an initial BW for the fi nishing period. Steers were vaccinated against viral pathogens using modifi ed-live cultures of bovine rhinotracheitis virus, bovine viral diarrhea virus (Types 1 and 2), parainfl uenza-3 virus, and bovine respiratory syncytial virus (Vista 5 SQ, Merck Animal Health, De Soto, KS) and clostridial bacteria including Clostridium chauvoei, septicum, novyi, sordellii, and perfringens Types C and D (Vision 7 with SPUR, Merck Animal Health), and were treated against internal and external parasites with an injectable anthelmintic (Ivomec Plus, Merial Ltd., Duluth, GA). Steers received an initial implant containing 14 mg estradiol and 200 mg progesterone (Synovex S, Pfi zer Animal Health, Kalamazoo, MI), were terminally implanted with 16 mg (Table 2) . Finishing diets were formulated to contain a minimum of 13.5% CP, and 9.5% degradable intake protein (Cooper et al., 2002) . Alfalfa hay and crude glycerin amounts were fi xed (10.0 and 5.0% of dietary DM, respectively), and diets were formulated for equal dietary fat (6% DM). All diets contained 33 mg/kg monensin (Rumensin, Elanco Animal Health, Greenfi eld, IN) and 8.7 mg/kg tylosin (Tylan, Elanco Animal Health). Steers were adapted to the fi nal fi nishing diets over a 21-d period using 3 steps containing 40, 30, and 20% alfalfa hay, and consumed their fi nishing diet for remaining 153 d of the experiment. Diets were offered once daily in the morning in an amount to allow ad libitum intake throughout the fi nishing period.
Steers were weighed every 28 d, and received an ultrasound scan on d 0 to estimate 12th rib subcutaneous (s.c.) fat thickness and marbling at trial initiation. An ultrasound scan was collected on d 168 to estimate harvest date. Ultrasound measurements were taken at the 12th rib using an Aloka 210 (Wallingford, CT) B-mode instrument with a 3.5-MHz general purpose transducer array. Marbling and 12th rib s.c. fat thickness were estimated using image analysis software described by Brethour (2000) . On d 55, 56, and 57, blood glucose concentrations were monitored twice daily (once in the morning and once in the afternoon for each steer) such that blood glucose estimates were collected at 0, 2, 4, 6, 8, and 10 h postfeeding. Blood glucose was measured chute side using a human self-monitoring system (True Track Smart System, Home Diagnostics, Inc., Fort Lauderdale, FL) as validated by Rumsey et al. (1999) . Each blood sample was tested by 3 monitors, and estimates with a CV greater than 6% were retested.
All steers were harvested on a single date when the average 12th rib fat thickness reached 1.30 cm as estimated by ultrasound. On the day of harvest, feed was withheld, and steers were weighed. A 4% shrink (NRC, 1996) was applied to determine fi nal shrunk BW to calculate dressing percentage. Steers were transported 40 km to a federally inspected commercial facility (Tyson Fresh Meats, Inc., Amarillo, TX) for harvest and subsequent carcass data collection (West Texas A&M University Beef Carcass Research Center; Canyon, TX). Individual animal identifi cation was preserved, and 1 loin per animal was purchased for further analyses. Hot carcass weights were recorded on the day of harvest. Immediately after hide removal (approximately 20 min postmortem), samples of s.c. adipose tissue were removed, adjacent to the LM between the fi fth and eighth ribs. Samples were immediately frozen in liquid nitrogen for subsequent measurements of lipogenic enzyme assays and adipose tissue cellularity. After transport to Texas A&M University on dry ice, the samples were stored at -80°C until they analyzed for enzyme activities and cellularity. Twelfth-rib fat thickness, LM area, and marbling scores were recorded after a 48-h chill, and yield grade was calculated using carcass measurements (USDA, 1997). Live performance calculations were made using shrunk fi nal BW, whereas carcass-adjusted fi nal BW, ADG, and G:F were calculated using HCW and the average dressing percentage of all cattle in the experiment (65.3%). Dietary NEm and NEg values were calculated as described by Vasconcelos and Galyean (2008) , which used the equivalent BW scaling approach of NRC (1996) with a standard reference BW of 478 kg.
Throughout the feeding period, feed refusals were collected, sampled, and dried to determine DM refusal. Refusals were subtracted from feed offered on a DM basis to calculate DMI. Ingredient samples were collected once weekly for dry ingredients and thrice weekly for wet ingredients (WDGS and SFC) for DM determination. Dry matter was determined by drying in a 60°C oven for 48 h. Ingredient DM was updated weekly for ration formulation. Weekly samples were composited by month, and ground. Monthly samples were then composited to encompass the duration of the study. Chemical analysis of dietary ingredients was conducted at a commercial laboratory (Servi-Tech Laboratories, Amarillo, TX), with the exception of NDF of the WDGS, which was determined on a composite of the delivered product after fat was removed with acetone in an ANKOM 200 fi ber analyzer (ANKOM Technology Corp., Fairport, NY) with 10 g/L sodium sulfi te included in the NDF solution (Van Soest et al., 1991) .
Enzyme Activities
Samples of s.c. adipose tissue were removed from -80°C storage, and thawed at 37°C. Centrifugal extracts of adipose tissue cytoplasm were prepared, and the activities of NAD-phosphate malate dehydrogenase (NADP-MDH) and 6-phosphofructokinase (PFK) were measured in 1-g samples of s.c. adipose tissue as described by Smith and Prior (1981) and Rhoades et al. (2005) , respectively.
Cellularity
Samples of s.c. adipose tissue were removed from -80°C storage, and held on ice at approximately 4°C. Adipose tissue samples were sliced into 1-mm thick sections when still frozen, and fi xed with osmium tetroxide as described by Etherton et al. (1977) as modifi ed by Prior (1983) . Fixed cells were fi ltered through 250-, 62-, and 20-μm nylon mesh screens with 0.01% Triton X-100 in 0.154 M NaCl to prevent cell clumping. Cell fractions collected from the 62-and 20-μm mesh screens were collected, and used to determine cell size, volume, and cells per gram of tissue with a Coulter Counter, Model ZM, and Coulter Channelyzer 256 (Beckman Coulter, Miami, FL).
Fatty Acid Composition
One 2.54-cm-thick steak was cut from the loin, and frozen until fatty acid analysis. Fatty acid composition of the LM (trimmed of s.c. adipose tissue) and feed ingredient composites was measured as described by Chung et al. (2006) . Total lipids were extracted by the method of Folch et al. (1957) , and fatty acid methyl esters were generated as described by Morrison and Smith (1964) . Fatty acid methyl esters were identifi ed on a Varian 3800 gas chromatograph (Varian Inc., Palo Alto, CA) equipped with a CP-8200 autosampler (Varian Inc.) and CP-Sil88 silica capillary column (100 m × 0.25 mm; Chrompack Inc., Middleburg, the Netherlands). Helium was used as the carrier gas (fl ow rate = 2 mL/min). After 32 min at 180°C, oven temperature was increased at 20°C/min to 225°C, and held for 13.75 min. Injector and fl ame ionization detector temperatures were 270 and 300°C, respectively. Identity of fatty acids was based on retention times in comparison with standards (GLC-68D, NuChek Prep, Inc., Elysian, MN).
Sensory Evaluation
One 2.54-cm-thick steak was removed from the anterior end of the loin from each animal to use in sensory analysis. Steaks were vacuum packaged, and aged for 14 d before freezing. Steaks were thawed for 2 d at 4°C, and then cooked on an indoor-outdoor grill (model 31605A, Hamilton Beach, Southern Pines, NC) to an internal temperature of 70°C. Temperature was monitored using copper-constantan thermocouples (TFCP-003 and TFCC-003, Omega Engineering, Inc., Standard, CT) inserted into the geometric center of each steak, and connected to a handheld thermocouple thermometer (Model HH501BS, Omega Engineering, Inc.). Steaks were turned once on reaching 35°C. After cooking, steaks were cut into 1.27-by 1.27-by 2.54-cm cubes, and 2 cubes were served to each panelist through a bread-box hood.
Sensory analysis was performed in the Sensory Testing facility at Texas A&M University (College Station) with trained panelists seated in separate booths to prevent communication between panelists. An 8-member descriptive panel was selected, and trained according to SpectrumË procedures (scale: 0 = absent, 15 = extremely intense; Meilgaard et al., 1991) in beef fl avor attributes. During panel training, terminology development sessions were conducted based on a standard lexicon for beef fl avors that characterize aromatic notes and chemical feeling factors. Aromatics, mouth-feels, and basic tastes of each cooked steak were identifi ed. Panelists were seated in separate booths with red fi ltered lights to mask color variation in samples (AMSA, 1995). Up to 8 panelists evaluated up to 12 samples per day (6 samples per session). Panelists were provided a 20-min break between sessions, and samples were served at 4-min intervals to reduce tastebud fatigue. Samples were served in a randomized order using 3-digit identifi cation codes. Distilled water and ricotta cheese were provided to panelists for cleansing their palates.
Shelf Life
Shelf life was determined on loin samples that were cut into fi ve 2.54-cm-thick steaks. Steaks were randomly assigned to storage day of 0, 1, 3, 5 or 7 d. Steaks were individually packaged in Styrofoam trays (CRYOVAC, Sealed Air Co., Saddle Brook, NJ), and overwrapped with polyvinyl chloride fi lm (Stretchable meat fi lm 55003815; Prime Source, St. Louis, MO). Steak packages were then placed in a refrigerated cooler (2°C) under standard supermarket fl uorescent lighting (Sylvania F40N, Osram Sylvania, Danvres, MA; color temperature = 3600 K). Across live animal dietary treatments and storage times, steaks were randomly assigned to location, and had similar access to light.
On each storage day, steaks were analyzed for thiobarbituric acid reactive substances (TBARS) and color after 0, 1, 3, 5, and 7 d of shelf life. A single, individually packaged steak was used for each analysis. For the measurement of TBARS (reported as mg malonaldehyde/kg of beef), the modifi ed distillation TBARS method of Rhee (1978) was modifi ed to include addition of 5 mL of 0.5% propyl gallate and 0.1% EDTA for each 10-g sample in the blending process (Chae et al., 2004) . The surface color of each steak was measured with a Minolta Colorimeter (CR-200, Minolta Co., Ramsey, NJ) using L* (lightness), a* (redness), and b* (yellowness) color space values. Calibration was conducted on a white tile before use, and the calibration values were L* 96.03, a* 0.11, and b* 1.97. Three random locations were measured on the surface of each sample, and the mean value was calculated.
Statistical Analysis
Data were analyzed as an unbalanced randomized block design using the mixed model procedures (PROC MIXED; SAS Inst. Inc., Cary, NC) with individual steer serving as the experimental unit, and pen serving as the block. An unbalanced design was necessary because of facilities having 6 pens with 9 Calan gates per pen available. The study was initiated with 13, 14, 14, 13 observations per treatment for 0SFC, 0DRC, 35SFC, and 35DRC, respectively. The statistical model included main effects of WDGS inclusion, corn processing method, and the interaction of WDGS inclusion and corn processing method as fi xed effects and block (pen) as a random effect. Interactions between mixed and random effects were not included in the model. Response variables were tested for normality by the use of graphical and numerical methods (Shapiro-Wilk test) and BoxCox (-3 to 3 λ at 0.1 interval and a 95% confi dence interval). Nonnormal variables were log transformed to achieve normality before analysis.
When the F-test was signifi cant for the WDGS inclusion and corn processing method interaction (P < 0.05), simple means were separated using a t test. Marbling score as estimated by ultrasound on d 0 of the trial was considered as a possible covariate for carcass marbling score. The covariate analysis was tested using a 3-step process described by Milliken and Johnson (2002) . The linear relationship of ultrasound-estimated marbling score and carcass marbling score was tested using independent slopes for each treatment by including the treatment by ultrasound-estimated marbling score interaction in the model statement. A contrast statement was included to test the assumption of independent slopes. If the interaction was not signifi cant (P > 0.10), and slopes did not differ (P > 0.10), a common slope model was tested by removing the interaction term, and including ultrasound-estimated marbling score in the model. If ultrasound-estimated marbling score was not signifi cant (P > 0.10) as a covariate, it was removed from the model. Objective measurements of surface color (L*, a*, b*) were analyzed within day of retail storage. A repeated measures statement was included in the model for analysis of response variables measured over time (blood glucose, TBARS). Covariance patterns were selected by their reduction of Akaike's criterion relative to the unstructured pattern (Littell et al., 2002) . Linear, quadratic, and cubic terms were included in the model to determine response to time. Slope and intercepts were separated as suggested by Littell et al. (2002) . Sensory data were fi rst analyzed to determine effects of panelist and panelist by treatment interactions, where an individual panelist response was defi ned as an experimental unit. The model included the aforementioned effects plus panelist and panelist by WDGS inclusion interaction, panelist by corn processing method interaction, and panelist by WDGS inclusion by corn processing method interaction. Although panelist effects were signifi cant (P < 0.05), panelist interaction effects were not (P > 0.05), therefore data were pooled by panelist within animal, and data were analyzed as previously defi ned. Principal component analysis was conducted using PROC FACTOR function of SAS to examine patterns and associations among WDGS, corn processing methods, and trained descriptive attribute sensory attributes.
RESULTS AND DISCUSSION
One steer was removed from the study because of exceptionally low DMI (<1.5% BW). As a result, performance and carcass data included 13, 14, 14, and 12 observations per treatment for 0SFC, 0DRC, 35SFC, and 35DRC, respectively. Additionally, we were unable to obtain the loin and s.c. adipose tissue sample from 1 of the harvested steers. Therefore, lipogenic enzyme activity, cellularity, fatty acid, sensory, and color characteristics had 12, 14, 14, and 12 observations per treatment for 0SFC, 0DRC, 35SFC, and 35DRC, respectively.
Chemical Analysis of Diet Ingredients
Actual CP content of all diets was greater than expected, whereas actual ether extract content was less than expected (Table 1) . Furthermore, SFC-based diets were slightly lower in CP, and greater in ether extract than DRC-based diets, which was likely the result of the slight differences in the ether extract concentration between the 2 corn sources used in the study (3.0 and 2.5%, SFC and DRC, respectively; Table 1 ). Additionally, the WDGS used in the study was decreased in Ca (Table 1) than expected which resulted in reduced Ca content in diets containing WDGS. However, Ca intake exceeded the minimum requirements for growth (NRC, 1996) , and the ratio of Ca:P was greater than 1.3 in diets containing WDGS, leading us to conclude no negative impacts of decreased Ca content in the WDGS diets.
Cattle Performance
No interactions between corn processing method and WDGS inclusion level were detected for any performance variable (P ≥ 0.14). Final BW and ADG were not affected by dietary treatment whether reported on a live basis (P ≥ 0.25) or a carcass-adjusted basis (P ≥ 0.27; Table 3 ).
Steers fed SFC-based diets were 10.6% more effi cient (main effect of corn processing method; P < 0.01) than 2 Corn processing method: SFC = steam-fl aked corn; DRC = dry-rolled corn.
3 Final individual BW measured live and shrunk 4% (NRC, 1996) . 4 Final individual BW calculated as individual HCW/65.2% (common dressing percentage).
5 Dietary NEm and NEg values calculated as described by Vasconcelos and Galyean (2008) which used the equivalent BW scaling approach of NRC (1996) with a standard reference weight of 478 kg.
6 4.00 = Slight 00 ; 5.00 = Small 00 ; 6.00 = Modest 00 .
steers consuming DRC-based diets because of decreased DMI (P < 0.01) of steers consuming SFC-based diets; there was no difference in ADG (P = 0.51). The current data set is in agreement with other fi ndings at our facility in which DMI tended (P = 0.06) to be less, and G:F was greater (P < 0.01) in steers fed SFC-based diets compared with DRC-based diets . Leibovich et al. (2009) also observed an improvement in feed effi ciency as a result of decreased DMI in cattle fed SFC-based diets compared with DRC-based diets. In a review of the literature, Owens et al. (1997) reported that, although rate of BW gain was similar between cattle fed DRC-and SRC-based diets, DMI and effi ciency of BW gain were more favorable in cattle fed SRC-based diets than those fed DRC-based diets. Conversely, Huck et al. (1998) and Scott et al. (2003) reported that an improvement in feed effi ciency in cattle fed diets based on SFC over diets based on DRC was the result of a difference in rate of gain rather than DMI. Calculated dietary NEm and NEg values were greater (P < 0.01; Table 3 ) for diets containing SFC compared with those containing DRC. Several authors have also reported greater calculated NE values of diets containing SFC than those containing DRC (Cooper et al., 2002; Zinn et al., 2002; Scott et al., 2003; Leibovich et al., 2009) , presumably through increased starch (Zinn et al., 1995; Huntington, 1997) and total OM digestion (Zinn et al., 1995) .
Although the addition of 35% WDGS did not affect DMI or ADG (P > 0.26), slight shifts in these variables resulted in signifi cant improvements in G:F (P ≤ 0.02) as a result of the inclusion of WDGS. Al-Suwaiegh et al. (2002) observed 10% greater ADG, and 8% greater feed effi ciency in steers fed a DRC-based fi nishing diet with 30% WDGS than steers fed a control diet with no WDGS. Larson et al. (1993) and Ham et al. (1994) also reported increased rate of BW gain and effi ciency of BW gain in cattle fed DRC-based diets containing 40% wet distillers byproducts over cattle fed diets without byproducts. Similarly, Corrigan et al. (2009) reported a linear increase in G:F when adding WDGS to DRCbased diets. However, no change in G:F was observed when adding WDGS to SFC-based diets, suggesting that WDGS has an energy value similar to SFC. Conversely, Depenbusch et al. (2008a) observed decreased feed effi ciency when feeding 25% corn WDGS in SFCbased diets, and suggested that the relative response to WDGS in SFC-based diets may be lesser compared with DRC-based diets because of the energetic differences associated with these 2 corn processing methods. In the current data set, the main effect of WDGS inclusion resulted in improved G:F in both DRC-and SFC-based diets. Although the interaction was not signifi cant (P ≥ 0.14), the numeric improvement was greater in DRC-based diets. Therefore, the current data set is not necessarily in disagreement with Corrigan et al. (2009) or Depenbusch et al. (2008a) .
Dietary NEm and NEg values were greater (P < 0.01) for diets containing 35% WDGS than diets without WDGS. Similarly, Ham et al. (1994) , Al-Suwaiegh et al. (2002) , and Buckner et al. (2008) reported that inclusion of distillers byproducts in fi nishing diets improved the calculated NE values of diets compared with diets without byproducts. Conversely, Depenbusch et al. (2008a) and Leibovich et al. (2009) reported calculated dietary NE values were less for diets containing 15 to 25% WDGS than the control diets. May et al. (2010) and Quinn et al. (2011) reported no differences in dietary NE values calculated from performance data between diets with or without DG. Possible explanations for differences in calculated dietary NE values in response to distillers byproducts may include differences in processing method of the primary grain source, type of grain fermented to make WDGS, use of supplemental fat, amount of solubles added to the WDGS, or energy density of the basal diet, among other things (Cole et al., 2009 ).
Carcass Characteristics
Dietary treatment had no effect on HCW, dressing percentage, fat thickness, or calculated yield grade (P ≥ 0.27; Table 3 ). Carcasses from steers consuming fi nishing diets containing WDGS had smaller LM area (P = 0.02) and less KPH (P < 0.01) than did those from steers fed diets without WDGS. Depenbusch et al. (2008a) observed reductions in HCW, LM area, dressing percentage, and marbling score as a result of dietary WDGS. However, the authors attributed these responses to decreased energy density of the WDGS diets, whereas WDGS increased the energy density of diets in the current experiment. Similarly, Leibovich et al. (2009) reported lower HCW, dressing percentage, and LM area when WDGS were fed, which may be related to the lower calculated NE values for diets containing WDGS than diets without WDGS.
In the current study, a reduction in LM area because of inclusion of WDGS in the diet may be related to dietary sulfate. Zinn et al. (1997) reported a linear decrease in LM area as dietary sulfate concentrations increased from 0.15 to 0.25%. Conversely, Loneragan et al. (2001) reported a linear increase in LM area with increasing water sulfate intake. No explanation for this response was given in either study. Kidney, pelvic, and heart fat was not reported to be affected by sulfur intake (Zinn et al., 1997; Loneragan et al., 2001) or dietary WDGS inclusion (Depenbusch et al., 2008a (Depenbusch et al., , 2008b Leibovich et al., 2009 ). In the current study, the sulfur concentration of diets containing WDGS was 0.34% compared with 0.12% for diets without WDGS and sulfur concentration of all diets was below the 0.40% threshold suggested by the NRC (1996) .
There was a tendency (P = 0.10) for an interaction between corn processing method and WDGS inclusion on carcass marbling score, which may suggest that cattle fed 0SFC diets had greater marbling scores than did cattle in all other dietary treatments. However, analysis of ultrasound-estimated marbling score collected at the initiation of the study suggested steers assigned to 0SFC had greater marbling scores than did steers assigned to other treatments on d 0 of the study (P = 0.03; data not shown). Therefore, initial ultrasound-estimated marbling score was used as a covariate (P < 0.01) with a common slope for all treatments in the analysis of carcass marbling score. When analyzed with the covariate, no differences in carcass marbling score among treatments were detected (P ≥ 0.24). A major objective of this study was to determine if WDGS in the diet infl uenced i.m. fat. Given the variation in marbling scores among individual animals even when genetic variation is minimized, differences in marbling score among dietary treatments were not detected.
Adipose Tissue Development
Subcutaneous Adipose Tissue. Activity of PFK in s.c. adipose tissue did not differ across treatments (P ≥ 0.38; Table 4 ). The s.c. adipose tissue activity of PFK provides an estimate of glycolytic capacity. Blood glucose increased in a quadratic manner from 0 to 10 h postfeeding (P = 0.03) with maximal concentration occurring 6 h postfeeding (data not shown). However, no interaction between dietary treatment and time of blood collection relative to feeding was detected for blood glucose concentration. Therefore, only main effects of dietary treatment are reported. Feeding diets containing DRC numerically increased (P = 0.14) blood glucose concentration of steers compared with diets containing SFC whereas inclusion of WDGS in fi nishing diets decreased (P = 0.02) blood glucose concentration. Diets containing DRC generally supply a greater amount of starch to the small intestine compared with SFC-based diets as a result of decreased starch digestion occurring in the rumen (Huntington, 1997) . Because WDGS replaced a portion of corn grain, diets containing WDGS were lower in starch content, and thus intake of starch and subsequent starch fl ow to the small intestine are less than for diets without WDGS Uwituze et al., 2010) . Regardless of blood glucose results, the lack of difference in PFK activity among treatments indicated there were no differences in the capacity for glycolytic fl ux.
Feeding SFC-based diets increased (P < 0.01) NADP-MDH activity, which is an indicator of lipogenic capacity, relative to DRC-based diets. Prior and Scott (1980) demonstrated that glucose infusion into beef cattle signifi cantly increased the activities of acetylCoA carboxylase and fatty acid synthase, which limit the rate of lipid synthesis in bovine adipose tissue, but had no effect on the activities of ATP-citrate lyase or NADP-MDH. Their observations are consistent with those in the current study in which changes in NADP-MDH activity were independent of differences in blood glucose concentrations. Smith et al. (1992) reported that an increase in ME intake strongly increases NADP-MDH activity in s.c. adipose tissue, as well as activities of all key enzymes that regulate fatty acid synthesis in bovine adipose tissue. In the current study, the increase in NADP-MDH in cattle fed SFC-based diets is consistent with greater energy content of those diets compared with DRC-based diets. Although not signifi cantly different (P ≥ 0.39), the direction of change in fat thickness and s.c. adipocyte cell volume for SFC-based diets compared with DRC-based diets is in agreement with increased NADP-MDH activity for SFC-based diets. Neither corn processing nor WDGS inclusion affected the amount of protein in adipose tissue (P ≥ 0.74) or adipocyte diameter (P ≥ 0.40). Smith et al. (1992) demonstrated that a 25% reduction in feed intake did not signifi cantly reduce s.c. adipocyte size in growing heifers. Only when intake was restricted to 30% of ad libitum intake was adipocyte volume measurably depressed. Therefore, differences in ME intake across dietary treatments in the current study were apparently insuffi cient to elicit signifi cant differences in adipocyte volume in this study.
Fatty Acid Composition of LM Steaks. Feeding WDGS depressed the concentration of both oleic acid (18:1cis-9) and palmitoleic acid (16:1cis-9; P ≤ 0.01; Table 5 ). The most abundant fatty acid in bovine muscle and adipose tissue, oleic acid, is the product of the desaturation of stearic acid (18:0). Similarly, palmitoleic is the desaturated product of palmitic acid (16:0). Smith et al. (2006) demonstrated that the ratio of palmitoleic acid to stearic acid is a reliable estimator of ∆9 desaturase enzyme activity in bovine adipose tissue. The ∆9 desaturase enzyme is responsible for the conversion of SFA to MUFA as well as trans-vaccenic acid (18:1trans-11) to cis-9, trans-11 conjugated linoleic acid. The gene that encodes the ∆9 desaturase, SCD, is expressed at greater levels as adipose tissues develop (Chung et al., 2007) . Results in the current study indicate that WDGS diets may have depressed SCD gene expression, and concomitantly decreased ∆9 desaturase activity in i.m. adipose tissue, resulting in lipids richer in SFA in the LM.
Consistent with the apparent depression in ∆9 desaturase activity, feeding diets containing WDGS decreased (P < 0.01; Table 5 ) the ratio of MUFA to SFA in the i.m. lipid in the LM compared with diets not containing WDGS. This response further suggests that WDGS caused a depression in i.m. adipocyte differentiation Smith et al., 2006) . With increasing animal age, there is a concomitant increase in lipid fi lling of i.m. adipocytes which is associated with a greater MUFA to SFA ratio Smith et al., 2006) . However, total fat content tended (P = 0.10; Table 5 ) to be greater in steaks from steers consuming diets with WDGS than those without WDGS. Means within a row without a common superscript differ (P < 0.05) when interaction is signifi cant (P < 0.05). Duckett et al. (2009) 18:2n-6) in steers fed supplemental corn oil, and steers receiving corn oil had depressed SCD gene expression relative to steers fed a high concentrate, fi nishing diet. This response was consistent with the depression is SCD gene expression demonstrated by others (Ntambi et al., 1996) . Similarly, WDGS increased the LM concentration of linoleic, and depressed apparent SCD activity in this study. However, dry rolled corn with no added WDGS also increased muscle linoleic acid but had no effect on apparent SCD activity. Thus, it is not known what dietary factors depressed the LM MUFA:SFA ratio in this study.
Corn processing method by WDGS inclusion interactions were detected for myristic acid (14:0), transvaccenic acid (18:1 trans-11), and linoleic acid (18:2n-6; P ≤ 0.03; Table 5 ). Steaks from steers fed 0SFC had a greater proportion (P = 0.02) of myristic acid than did steers fed 0DRC, whereas steaks from steers fed diets containing WDGS were intermediate (P ≥ 0.06). Steaks from 0DRC diets had decreased concentrations of vaccenic acid compared with those of other diets (P ≤ 0.05). The proportion of linoleic acid was lower (P ≤ 0.02) in the 0SFC treatment group than the 0DRC and 35SFC treatment groups; 35DRC was intermediate (P ≥ 0.07). Concentration of linoleic acid in the fi nishing diets (Table 2 ) likely contributed to differences observed in loin steaks.
Corn processing method affected stearic acid (18:0; P < 0.01), and tended to affect α-linoleic acid (18:3 n-3; P = 0.06) in which SFC-based diets decreased the concentration of stearic acid, and increased the concentrations of α-linoleic acid (P ≤ 0.05) in steaks. Inclusion of WDGS in fi nishing diets decreased oleic and cis-vaccenic acids (both products of ∆9 desaturase), and decreased palmitoleic acid (16:1 cis-9) compared with diets without WDGS (P ≤ 0.01). Steaks from steers fed WDGS diets tended to have greater total fat concentration (P = 0.10).
Results in the fatty acid composition of beef in the current data set may differ from those reported by others because of the use of yellow grease in the control diets to equilibrate fat content among diets. However, similarities do exist in the relative proportions of stearic acid and oleic acid in beef of cattle fed DG. In SFC-based diets with no supplemental fat in the control diet, Gill et al. (2008) reported an increase in the concentration of stearic acid, and no change in the concentration of oleic acid in strip loin steak samples of steers fed diets containing 15% corn or sorghum DG. Similarly, in DRC-based diets with no added fat in the control, Koger et al. (2010) observed an increase in the stearic acid concentration of LM of steers fed diets containing 20 or 40% DG. At 20% inclusion of DG, oleic acid did not differ, but decreased at 40% inclusion of DG (Koger et al., 2010) . Segers et al. (2011) compared ground corn-based diets with dried DG (DDG), corn gluten feed, or soybean meal as protein sources. Relative to steers consuming diets containing corn gluten feed or soybean meal, the concentration of oleic acid was decreased in longissimus lumborum steaks of steers fed DDG, whereas the stearic acid composition did not differ. In both the current data set where yellow grease was used in the control diets to equilibrate fat, and in the data of Schoonmaker et al. (2010) in which soybean oil was used to equilibrate dietary fat, stearic acid concentration did not differ, but the concentration of oleic acid was decreased in the LM of steers fed WDGS when dietary forage level was 10 to 12% of the diet DM. The common themes across these data are a relative reduction in oleic acid concentration, and a relative increase in stearic acid concentration in the beef of cattle fed DG. We have recently found that the relative proportions of stearic acid and oleic acid in LM can also be infl uenced by supplementation of stocker cattle with DDG or DRC, and can interact with DDG inclusion in the fi nishing diet .
Fatty acid composition of ruminant products is largely dependent on the amount and composition of fat supplied in the diet, and de novo synthesis of fatty acids from acetate (Jenkins, 1993; Schingoethe et al., 1999; Houben et al., 2000; Andrae et al., 2001) . It is unfortunate that dietary fatty acid compositions are often not reported. However, in both the studies of Schoonmaker et al. (2010) and in the current dataset where vegetable oils were used to equilibrate fat across diets, the addition of DG decreased the concentration of dietary stearic acid, and had little effect on the concentration of oleic acid in the diet. Therefore, dietary fatty acid composition alone cannot explain the change in proportions of oleic acid and stearic acid in beef.
Lipid metabolism in ruminants is unique because of processes occurring in the rumen: lipolysis, biohydrogenation, and microbial fatty acid synthesis. Increasing intestinal fl ow of dietary fatty acids increases the potential for tissue deposition, and may be achieved through feeding ruminally protected lipids or excess amounts to allow ruminal escape (Zinn et al., 2000; Duckett et al., 2002; Gillis et al., 2004) . One possibility for the relative change in oleic acid and stearic acid in the beef of steers fed DG is that ruminal biohydrogenation saturates a greater proportion of oleic acid into stearic acid. However, Vander Pol et al. (2009) noted an increase in the concentration of 18:1 entering the duodenum of cattle consuming WDGS relative to steers consuming no WDGS and no supplemental fat and relative to steers consuming no WDGS and corn oil. The observation of Vander presumably indicates decreased biohydrogenation of fatty acids in WDGS, although dietary fatty acid composition was not provided. Because biohydrogenation of the fatty acid in vegetable oils (soybean oil and yellow grease in the data of Schoonmaker et al. (2010) and the current data set, respectively) would be expected, we would have hypothesized an increase in the concentration of oleic acid in the LM of steers consuming WDGS in the current data set. We, however, observed the opposite. The fact that oleic acid concentration was decreased in the LM of steers consuming WDGS could be explained by decreased SCD activity in adipose tissue as we have outlined in this paper. It is not possible to separate the relative contributions of ruminal biohydrogenation and decreased SCD activity in adipose tissue. Likely, the responses of individual fatty acids to dietary treatment in the current study are the result of dietary impacts on rumen and enzyme function.
Sensory Evaluation
Results from trained sensory panel evaluation are reported in Table 6 . A corn processing method by WDGS inclusion interaction was detected for liveryorgany aromatic (P = 0.03) and sweet basic taste (P = 0.01), in which intensity of each attribute was greater in steaks from the 35SFC treatment than other treatments. However, both attributes were barely detected in any treatment. Inclusion of WDGS did not affect other sensory traits (P ≥ 0.11). Feeding DRC-based diets resulted in a tendency (P = 0.09) for less intense chemical burn mouth feel in those steaks compared with steaks from cattle fed SFC-based diets.
Principal component analysis was conducted to understand the relationship between sensory attributes and treatments (Fig. 1) . Principal component 1 accounted for 68.7% of the variation, and was mainly composed of livery-organy, overall tenderness, muscle fi ber tenderness, sweet, sour, cooked beef fat, sour as positive attributes, and cooked beef fat, serumy-bloody, cardboardy, cowy, and browned-burnt as negative attributes. Steers fed SFC-based diets with and without WDGS were the treatments affected by principal component 1. Principal component 2 accounted for 17.4% of the variation, and was highly infl uenced by juiciness, metallic mouthfeel, and connective tissue amount. Steaks from steers fed DRC-based diets with and without WDGS were affected by Principal Component 2. These data imply that steaks from steers fed 35SFC tended to have greater levels of muscle fi ber tenderness, overall tenderness, and greater intensities of sweet and sour basic tastes, and livery-organy fl avor aromatics. Steaks from steers fed 0SFC tended to have greater levels of serumy-bloody, cooked beef fat, carboardy, cowy, and browned-burnt fl avor aromatics. Steaks from steers fed 0DRC tended to be greater in juiciness and metallic mouthfeel. When steers were fed 35DRC, fl avor aromatics tended to not be affected. These results implicate that feeding 35SFC improves tenderness, but also increased livery-organy fl avor attributes, generally considered a negative fl avor attribute, in combination with sweet and sour basic tastes of loin steaks. When WDGS was not included in the diet, steak fl avor attributes differed depending on if the steer diet included DRC or SFC. Gill et al. (2008) and Leupp et al. (2009) reported that consumer and trained panelists, respectively, were unable to detect differences in sensory characteristics when diets with and without distillers byproducts were fed to cattle. Aldai et al. (2010) fed barley-based fi nishing diets containing 0, 20, or 40% corn or wheat DDG to steers, and reported that steaks from steers fed diets containing either corn or wheat DDG were rated greater for fl avor desirability compared with steaks from cattle consuming diets without DDG. Furthermore, overall tenderness score and overall palatability was greater for steaks from steers fed diets containing corn DDG compared with steaks from steers fed the diet without DDG (Aldai et al., 2010) . Price et al. (2011) fed SFCbased diets using normal, mill-run corn or high-oil corn to steers to evaluate sensory attributes of beef; trained panelists were unable to detect differences.
Our results indicate that including WDGS in SFCbased diets has an impact on loin steak fl avor; however, these effects may be subtle when evaluating individual attributes. When considering the combined effects of trained sensory attributes on including WDGS in either DRC-or SFC-based diets, 86.1% of the variation was explained using 2 principal component factors. The combined effect of slight changes in multiple attributes affected the sensory properties of steaks from steers fed 35SFC and fl avor differed in steaks from steers fed either 0SFC or 0DRC. Although slight differences in sensory panel attributes were detected, it is unknown if these subtle differences would be detected by consumers.
Shelf Life
There was no effect of corn processing method (P = 0.45), nor was there an interaction between corn processing method and WDGS inclusion (P = 0.76) on TBARS values (data not shown). As expected, TBARS values increased in a quadratic manner with increased day of storage; however, there was an interaction between day of storage and WDGS inclusion (P = 0.002; Fig. 2 ). Steaks from steers fed 0 or 35% WDGS diets had similar TBARS values on d 0, 1, and 3 of storage. Steaks from steers fed diets containing WDGS tended (P = 0.10) to have greater TBARS values on d 5 of storage, and had greater (P = 0.0002) TBARS values on d 7 of storage than steaks from steers fed diets without WDGS. These results would indicate that steaks from steers fed diets containing 35% WDGS diets would have greater rates of lipid oxidation after extended retail storage. Koger et al. (2010) fed steers DRC-based fi nishing diets containing 0, 20, or 40% DG (wet and dried). Ground beef patties were subjected to packaging and cool storage similar to a retail setting. Ground beef from steers fed 40% DG diets had greater TBARS values on d 2 and d 7 of retail display compared with ground beef from steers fed diet with 0% DG (Koger et al., 2010) . Conversely, Gill et al. (2008) , Depenbusch et al. (2009), and Gunn et al. (2009) reported no differences in TBARS in beef from steers and heifers fed DRC-and SFC-based diets containing 0 to 75% DG (DM basis). Malonaldehyde, a secondary compound produced during lipid oxidation, and the compound measured by TBARS analysis, can be used to determine rancidity of lipid-containing foods (Sun et al., 2001 ). Development of rancid, off-fl avors and odors of beef during retail display are at least partially the result of lipid oxidation, specifi cally the degradation of PUFA (Lynch et al., 2000) .
A tendency for a corn processing by WDGS inclusion interaction was detected (P = 0.08; Table 7) for L* on d 0, in which steaks from the 35SFC treatment had a lower L* value than 0SFC, 0DRC, or 35DRC. On d 1 of retail storage, steaks from steers fed diets containing WDGS were darker (P = 0.01) than steaks from steers fed diets without WDGS. On d 3 of retail storage, steaks from SFC-based diets tended (P = 0.08) to be darker than steaks from DRC-based diets. Values of L* were not affected (P ≥ 0.11) by dietary treatment on d 5, or 7 of retail storage. A tendency for a corn processing by WDGS inclusion interaction was detected (P = 0.08) for a* on d 1 of retail storage, in which steaks from the 35DRC treatment had a greater a* value (P = 0.11) than steaks from the 35SFC treatment. On d 5 of retail storage, steaks from steers fed SFC-based diets tended (P = 0.10) to be more red than steaks from steers fed DRC-based diets. On d 7 of retail storage, steaks from steers fed diets containing WDGS tended to be less red (P = 0.06) than steaks from steers fed diets without WDGS. Values of b* were not affected (P ≥ 0.11) by dietary treatment on d 0, 1, 3, 5, or 7 of retail storage. Leupp et al. (2009) found that feeding diets containing 30% DDG during the growing or fi nishing phase or both phases decreased L*, a*, and b* compared with feeding diets without DDG. Gill et al. (2008) also reported that feeding diets containing DG (15% dietary DM) decreased a* and b* values, but increased L* compared with feeding diets without DG. Gunn et al. (2009) observed a reduction in a* and b* when DDG increased from 35 to 50% of diet DM. Color estimates were not affected by 20 or 40% dietary DG in a study by Koger et al. (2010) .
Interactions between corn processing and WDGS inclusion were minimal in the current study. Inclusion of 35% WDGS in fi nishing diets improved effi ciency of BW gain but decreased LM area of carcasses, and potentially decreased retail shelf-life of beef. Steers consuming DRC-based diets consumed more feed, and were less effi cient than those fed SFC-based diets. Including WDGS in the diet may decrease the activity of SCD enzyme, which may result in a shift in the relative concentrations of oleic acid and stearic acid in beef, favoring steric acid. Nevertheless, steaks from steers fed WDGS tended to have greater total fat, perhaps because of increased dietary energy concentration. Both WDGS inclusion and corn processing method impacted fatty acid composition. However, diet had minimal impacts on palatability attributes. When compared with diets fat equilibrated with yellow grease, the primary concern with incorporating WDGS appears to be decreased shelf-life after 5 d of storage. The results indicate that corn source and processing method as well as WDGS inclusion are important with respect to effects on performance, carcass characteristics, fatty acid composition, and consumer and retail aspects of beef.
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